, composed of 14 {VO 5 } square pyramids and 2 {VO 4 } tetrahedral units, hosting a chloride ion has been synthesized and characterized.
. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] These clusters may contain fully oxidized, reduced, or mixed-valence vanadium centers and can act as host systems for a variety of neutral or anionic guest species. The encapsulated guest species may exert templating effects influencing the electronic and framework structures of the host metal-oxide shells.
In the course of our ongoing investigation 15 of the potential of polyoxovanadate clusters as structural motifs for the preparation of metal-oxide based extended structure materials, we have prepared a mixed-valence vanadium oxide cluster, [V Fig. 1 . The cage has crystallographic twofold symmetry, but approaches closely to mm2 (C 2v ) symmetry. It may be described as formed by the fusion of 14 {VO 5 } square pyramids and two {VO 4 } tetrahedra. As is common in polyoxovanadate cages, each of the five-coordinate vanadium atoms has a single terminal oxygen atom, with its remaining four oxygens participating in the cage framework. The tetracoordinate vanadiums are bound to two terminal and two framework oxygen atoms, which is a less common situation.
The V-O framework bonds define four distinct types of environments within the cage for the seven independent fivecoordinate vanadium atoms. One of these atoms (V1) is bound to four m 3 -O atoms with V-O distances ranging from 1.823 (3) The negatively charged vanadium oxide shell in 1 hosts a chloride ion at its center. There is no covalent interaction of this ion with the atoms in the vanadium oxide framework, as shown by its average distance of 3.630 Å from the vanadium atoms of shell. . 10 Unlike the shell observed in 1, the {V 16 O 38 } shell in these compounds contains 16 {VO 5 } square pyramids that share edges and corners. The topology of the vanadium oxide shell in 1 is totally different and unprecedented. Fig. 2 shows a view of the unit cell contents of the crystals of 1. Charge is balanced by the presence of eight pyridinium ions, two of which are disordered, per cage. There are also four water molecules of crystallization per {V 16 O 42 } unit, which participate in hydrogen bonds to both cluster oxygen atoms (e.g., O7 … O22 [at (x, 1 2 y, z 2 K)] 2.799 Å , O18 … O22 [at ( 2 x, K 2 y, 1 2 z)] 2.879 Å ) and pyridinium N-H groups ions [e.g., O22 … H33(N3) 5 1.86 Å ]. This network of hydrogen bonds may play a role in the insolubility of 1 in water and common organic solvents.
The results of the bond valence sum calculation and manganometric titration of reduced vanadium (V IV sites) indicate the presence of three V IV sites per formula unit which is consistent with the formulation and charge balance requirements of 1.
The temperature dependent magnetic measurement results are presented in Fig. 3 . 18 The compound exhibits Curie paramagnetism. The data were fitted to the Curie-Weiss law at high temperature:
The best fit was C 5 0. There was no further weight change up to 800 uC. The IR spectrum of the black residue exhibits medium intensity bands at 678, 532, and 450 cm 21 indicating a reduced vanadium oxide phase that has not been further characterized. In summary, we have discovered a mixed-valence polyoxovanadate cluster representing a new vanadium oxide framework structure. Presence of potentially reactive {VO 4 } units on the cluster surface make it an attractive building block for nanostructured materials 15 derived from these motifs.
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